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ABSTRACT 
THE TOXICITY OF CADMIUM TO THE AQUATIC 
AMPHIBIAN, Xenopus laevis 
Sharon Suzanne Millirons 
Master of Science in Biology 
University of Richmond 
Dr. Gary Paul Radice, Thesis Advisor 
Cadmium toxicity is poorly understood but is a potentially serious 
environmental pollutant. This study was initiated to determine the effect of significant 
concentrations of cadmium on a readily available aquatic laboratory organism. 
The lethal concentration (LC50) for 50 percent of I week old Xenopus laevis 
tadpoles was determined to be 0.1 ppm CdCI2• For 5 week old animals, the average 
LC50 was determined to be 0.98 ppm. Thus, cadmium poses greater toxic threats to 
the early developmental stages. Moreover, these concentrations of cadmium exceed 
those commonly found in the nation's water supply. Histological examination 
suggested that the main site of cadmium toxicity is the kidney. 
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INTRODUCTION 
In recent years, much emphasis has been placed on the environment, and how 
it is being destroyed or polluted by man. The pollutants include heavy metals, such 
as mercury, lead, and zinc, which pose serious environmental problems at high 
concentrations. Cadmium, a heavy metal Jess we11 known to the general public, is 
believed to have toxic effects at low concentrations, and is included in the 
Environmental Protection Agency's (EPA) Priority Po11utants List. This list includes 
147 known toxic chemicals, which the EPA believes should be regulated as hazardous 
to humans and the environment. In addition, the EPA has established cadmium as a 
toxicant reference, for use in toxicity tests (EPA, 1991). While some information is 
known about cadmium, it is not complete. In particular, the effect of cadmium on 
developing organisms is not we11 known. This study aims to address the 
developmental effects of cadmium on an aquatic vertebrate. 
Cadmium occurs natura11y in the earth's crust at a concentration of 0.0005 
parts per million (World Book, 1965). While cadmium minerals are rare, trace 
amounts of cadmium show a widespread distribution (Craig et al., 1988). However, 
testing of 5% of the national water supply system revealed an average cadmium 
concentration of 1.3 parts per million (Tingler, 1990). Apparently, this increased 
concentration of cadmium is a result of the metal being introduced into water systems 
by human activity. For example, the recovery processes for zinc, lead, and copper 
produce cadmium as a by-product. This process, along with mining and metal 
production, permits cadmium to enter the aquatic environment (Tingler, 1990). 
Increasing concentrations of cadmium pose potentially serious threats to 
aquatic life. Cadmium is acutely toxic to many fish at concentrations between 
0.00055 to 40 ppm (Tingler, 1990). In tests with the amphibian, Xenopus laevis, 
lesions were observed in the lung, along with pneumonia-like symptoms at a 
concentration of 0.3 ppm. Even at relatively low concentrations (0.029 ppm), 
cadmium has been known to damage lungs and kidneys in adult amphibians (Canton 
and Slooff, 1982). 
Developmental results from cadmium toxicity testing are often compared with 
those of zinc. Cadmium and zinc are in the same chemical category (Manahan, 
1992), being included among the transition metals (Zumdahl, 1986). Zinc is a 
necessary component of metalloids, which are compounds consisting of both a metal 
and a nonmetal. It is believed that cadmium can replace zinc in some enzymes, 
resulting in an impaired catalytic activity, which usually leads to disease (Manahan, 
1992). While increased concentrations of cadmium in the body may result in 
histological defects similar to those associated with an increased zinc concentration, 
cadmium has no nutritive values. In addition, it is believed to be detrimental even at 
low concentrations. 
While most teratogenicity testing is conducted using fish, scientists are 
beginning to incorporate amphibians, such as X. laevis, into their studies. "Xenopus 
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laevis has become a common laboratory animal since the detection of its suitability for 
pregnancy tests and other hormonal reactions and has been used in toxicity studies as 
well" (Greenhouse, 1976, cited in Slooff and Baerselman, 1980). One technical 
advantage is that these amphibians are easy to maintain, not requiring live food (J. 
Bantle, unpublished). In addition, the development period of this organism is rapid. 
It takes roughly 55 days for an embryo to develop into a free-swimming tadpole 
which is undergoing metamorphosis. Because development is easily observed, 
development stages have been well described (Nieuwkoop and Faber, 1956, Slooff 
and Baerselman, 1980). Finally X. laevis can be bred year round by injecting human 
chorionic gonadotropin into males and females to induce spawning (J. Bantle, 
unpublished). 
Many federal and state toxicity studies incorporate short-term experiments with 
organisms that are less than 24 hours old. Less is known about how prolonged 
exposure to toxic substances affects developing organisms. The purpose of this study 
is to investigate acute and chronic effects, of both lethal and sub-lethal concentrations 
of cadmium, on the development of the amphibian, X. lacvis. There arc three 
questions which this study will address. 1) What is the LC50 (lethal concentration of 
50% of the organisms) for X. laevis? 2) Docs cadmium have an observable effect on 
morphology or tissue structure during the first week of development, when 
organogenesis occurs? 3) Docs chronic exposure to cadmium disrupt tadpole growth 
and maturation? 
The information obtained from this research should serve as a preliminary 
toxicity study, which may facilitate future research. While most testing is conducted 
on fish, any information on a different class of organisms is expected to be of great 
benefit. 
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MATERIALS AND METHODS 
Embryos were purchased from Nasco (Fort Atkinson. WI) and Xenopus I 
(Ann Arbor, Ml), or obtained from induced spawning of adults in the Jab. Adult 
male and female Xenopus laevis were each injected with approximately 1000 
international units (IU) of human chorionic gonadotropin into the posterior lymph sac. 
Upon injection, one male and one female were placed in 8 I. plastic containers, in 
which one third of the container was filled with artificial pond water. The frogs were 
left to spawn, which usually occurred 8 hours after injection. 
Eggs were inspected the next day to determine if fertilization had occurred. In 
some cases, the jelly coat surrounding the fertilized eggs was removed using a de-
jellying solution (2% mmol Cysteine-HCl, 9.88 mmol Tris Base, 6.10 mmol NaOH 
pellets in 0.20 I. H20). The pH of this solution was adjusted to 7.6 - 8.0. 
The fertilized eggs were then placed in a 0.1 X Steinberg Solution. Steinberg 
Solution consists of: 58 mmol NaCl, 0.7 mmol KCl, 0.39 mmol Ca(N03h•4H20, 83 
mmol MgS04•7H20, 10 mmol HEPES, in 1.0 I. of H20. The hardness of this 
solution, as measured using the LaMotte Hardness Test Kit, was 26 ppm CaC03 , 8 
ppm Ca2+, and 18 ppm Mg2+. The pH of this solution was initially adjusted to 7.4 -
7.6, using the SA520 pH Meter, and ranged from 7.2 - 7.5 throughout the 
experiment. Temperature stayed constant at 23°C. The dissolved oxygen, which was 
measured with the YSI Model 57 Dissolved Oxygen Meter, was in excess of the 
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minimum level of 4 mg/1, based on EPA methods (EPA, 1991 ). To prevent bacterial 
growth, any unfertilized eggs, as well as dead organisms, were removed daily. 
Feeding begins when the individuals arc 4 days old. This is clearly observed 
by the presence of air bubbles at the water surface. These air bubbles arc a result of 
the tadpoles coming up to the water surface. The tadpoles were fed creamed spinach, 
which was diluted with de-ionized water. 
Lethal concentration of cadmium for X. lacvis tadpoles 
After the tadpoles were approximately 1.5 weeks old, 10- 15 individuals were 
placed in 250 ml of either 0.1 X Steinberg Solution, or a solution containing CdCI2 
dissolved in the Steinberg Solution. The concentrations of cadmium ranged from 0.04 
to 4.00 ppm CdCI2 (Refer to Table 1). Each concentration had three repetitions, for a 
total of nine to twelve containers. Based on EPA methods, the test lasted 3 days, 
during which time the test organisms were not fed. Feeding the organisms 
contributes to an additional variable (EPA, 1991), which may affect the cadmium 
concentration. This test procedure is referred to as a static renewal test (in which 
there is a daily renewal of the standing solutions). 
The LC50 was calculated using PROBIT software and the Trimmed Spearman-
Karber (TSK) Model. PROBIT is a program which takes the raw data and fits a 
regression line to the results (Biological Methods Branch, 1988), from which one can 
interpret the LC~. With TSK, the LC~ is calculated using adjustments made from 
the raw data. While these two programs arc almost identical, the EPA favors and 
recommends the TSK test for LC~ determination (Hamilton ct al., 1977). 
Short-term chronic effects of sub-lethal concentrations on early development 
For this experiment, fertilized eggs that had reached the late gastrula stage 
were placed in test concentrations of 0.019, 0.038, and 0.075 ppm CdCI~. (Note: 
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These concentrations were based on results of the 15 week chronic toxicity test.) To 
simulate natural conditions, the jelly coats were left intact. Daily observations were 
made, the number of deaths were noted, and the test concentrations were renewed. 
This experiment lasted for one week, and the organisms were not fed, to allow for 
cadmium intake through absorption. 
At the conclusion of this experiment, two tadpoles from each concentration, 
including the control, were anesthetized with 0.1% 3-Aminobenzoic acid ethyl ester. 
Using a razor, the head region was separated from the tail. The tissues were placed 
in Zenker's fixative (8.50 mmol ~Crp7 , 1.66 mmol HgC12 , 7.04 mmol N~S04 , 
8.32 mmol glacial CH3COOH in 0.10 I. H~O) for 2 to 3 hours, dehydrated in 
alcohol, placed in a clearing agent, and finally embedded in paraffin. 
10 micrometer sections of the tissues were placed on subbed slides. After 
completely drying, the slides were stained, using the eosin-hematoxylin staining 
procedure, according to Humason (1972). 
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Prepared slides were observed with a Nikon light microscope, Javelin color 
video camera, and a Macintosh QUADRA using NIH IMAGE software. Photographs 
were taken with a 35mm camera, using Fujicolor and Kodak Gold film. 
Statistical analysis of the intestinal thickness, and spatial distribution of the 
intestine sections were conducted on this as weJJ as both the lethal and chronic 
studies. Data was statistically analyzed using the Wyoming University TOXSTAT 
program (GuJJey et al., 1989). 
Short-term chronic effects of a lethal concentration on early development 
This experiment was conducted to determine the morphological effects of a 
lethal concentration on early development. In this one week study, half of the 
fertilized eggs were de-jellied. This technique allowed for a comparison between 
those tadpoles that developed within a jelly coat, and those developing without the 
presence of a jelly coat. Eggs were divided into two control solutions and two 
solutions with 0.15 ppm CdCl2• This lethal concentration was selected based on 
results obtained from the LC 50 experiment. Three days into this experiment, 1 - 2 
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organisms from the different solutions were preserved in formalin. At the conclusion 
of the study, the remaining organisms were prepared for histology. 
Long-term chronic exposure of tadpoles to sub-lethal concentrations 
To test the effects of long-term chronic exposure to sub-lethal concentrations 
of CdC12, 8 day old tadpoles were placed in differing concentrations of CdC12 and 
cultured for up to 15 weeks. The selected concentrations were 0.019, 0.038, and 
0.075 ppm CdC12• All concentrations had 3 repetitions, with 15 tadpoles in each 
container. Tadpoles from each concentration, including the control, were selected to 
be fixed and sectioned at 2, 5, 7, 12, and 15 weeks. The organisms were 
anesthetized, fixed, stained, and observed using the same processes as previously 
described. 
RESULTS 
Lethal concentration of cadmium for X. laevis tadpoles 
Preliminary tests showed that 4 ppm CdC1 2 killed all test animals younger than 
5 weeks old within I day. 0.04 - 0.05 ppm was not lethal at any stage of 
development. Within this range, the LC~0 appeared to increase as the animals 
increased in age, from 8 days to 5 weeks (Table 1). 
Observations concerning swimming behavior were noted. While the control 
organisms continuously swam horizontally with their head down, the animals exposed 
to lethal concentrations spent much time resting on the bottom, as well as swimming 
to the top and sinking back down to the bottom. 
Incorporating both the PROBIT and TSK programs, the average LC50 , for 5 
week old tadpoles, is 0.98 ppm CdC12, with a range of 0.92- 1.03 ppm (Sec 
Appendix 1 ). 
Short-term chronic effects of sub-lethal concentrations on early development 
In this experiment, I studied whether animals exposed to sub-lethal 
concentrations of cadmium would disrupt organogenesis. The first week of 
development showed neither gross deformities nor mortalities in any of the 
concentrations (0.019 to 0.075 ppm). Work on other animals has shown that the 
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early developmental period is the most susceptible to toxic chemicals (Rand and 
Petrocelli, 1985). As observed histologically, the control animals had coiled 
intestines, with the appearance of food in the intestine (Figure 1-A). Other normal 
characteristics included a 2-lobed heart, with one lobe larger than the other, the liver 
and stomach were found within close proximity of each other, and gastric pits were 
present within the stomach lining. 
A total of 45 animals, for each concentration, was exposed to CdCl2 for one 
week. Two animals from 0.075 ppm were selected at random and examined 
histologically. In one of these, the liver and stomach were located on one side of the 
gut, while the intestines were generally located on the opposite side (Figure 1-B). 
One of two tadpoles present in 0.038 ppm displayed some coiling of the intestine, 
though not as tight as the controls (Figures 1-A and 1-C). Two tadpoles in the 0.019 
ppm solution looked identical to the controls. 
Short-term chronic effects of a lethal concentration on early development 
Because the effects of sub-lethal concentrations of CdC12 were minor and 
subtle, I tested the effects of a lethal concentration (0. 15 ppm) on morphology. Gross 
observation of control animals at 4 days showed there was no coiling of the intestine, 
large eyes predominated, some pigmentation was present over the entire organism, 
and the cement gland was visible. The length of the organism was 6 millimeters, 
with half of the entire length consisting of the tail fin (Figure 2-A). 
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Of the 20 animals exposed to 0.15 ppm CdC12, most appeared normal after 4 
days. However, there were two exceptions (Table 2). With one animal, the tail was 
completely absent (Figure 2-B), and the second organism had epidermal blisters over 
most of the body (Figure 2-C). 
Animals were sacrificed at 7 days and examined histologically. The organisms 
in the 0.15 ppm CdCI2 solutions exhibited normal coiling of the intestine. Visual 
observations of an increased thickness of the intestinal walls (Figures I -A and 1-D) 
prompted statistical analysis using both Dunnetts and Steels Many-One Rank Tests 
(Table 3). The results of these tests display that such thickening was significant at the 
lethal level of CdC12• 
Long-term chronic exposure of tadpoles to sub-lethal concentrations 
The previous experiments investigated the effects of cadmium on early stages 
of development where cells and tissues are first determined. To examine whether 
CdC12 disrupts tissues during the growth and maturation phase, animals were exposed 
to sub-lethal concentrations of CdC12 for 15 weeks. General observations during this 
experiment did not show any peculiarities in the external anatomy of the developing 
tadpoles. 
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Histological comparisons between the control organisms and those in the 3 test 
solutions are listed in Table 4. Observations made of the control organisms showed 
coiled intestines, with little space between the sections. As the individuals increased 
in age, the mesonephros became more tubular and more compact, located on either 
side of the intestines, and extending toward the tail (Figure 3-A). The liver appeared 
to consist of at least 2 types of cells, and grew to cover much of the top portion of 
the gut. The heart appeared to increase in size with relation to development. 
Observations of the exposed tadpoles showed that most of the tissues were 
normal. While the intestinal mucosa appeared thickened along with some swelling of 
the abdominal cavity, in relation to an increase in cadmium, it was determined not to 
be statistically different from the control. The only consistent difference was some 
swelling of the kidney (Figure 3-B). 
DISCUSSION 
These experiments investigated the effects of cadmium (as cadmium chloride) 
on developing Xenopus laevis tadpoles. In order to understand the toxicity of 
cadmium, both acute and chronic exposures were studied. Acute toxicity tests, such 
as the LC50, determine the concentration of an agent or material which produces 
harmful effects in a short time period (Rand and Petrocelli, 1985). Thus, acute 
studies primarily measure the percent lethality, or mortality, of individuals. Chronic 
toxicity tests determine the survival rate of individuals over a long period (Rand and 
Petrocelli, 1985), and effects of sub-lethal concentration on animal health. 
Lethal concentration of cadmium for X. laevis tadpoles 
The LC50 for 8 day old tadpoles was approximately 0.1 ppm, and for 5 week 
old tadpoles was approximately l ppm. In addition, mobility of the exposed animals 
was observed to be affected. Perhaps the nervous system might have been altered, 
due to the high cadmium content. The abnormal behavior consisted of tadpoles 
resting on the bottom for periods of time, followed by unusual swimming patterns 
toward the water surface. "Hyperactivity, erratic swimming, muscular spasms, and 
loss of equilibrium are all characteristic of fish poisoned by lead, indicating 
involvement of the nervous system (Holcombe et al., 1976, cited in Rand and 
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Petrocelli, 1985). Other heavy metals. including cadmium, might have a similar 
effect on the nervous system. 
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As observed from these results, one important factor to consider when 
determining the LC50 of a particular organism is the age of the individual. Generally, 
the embryonic and larval stages arc much more sensitive to toxic chemicals, such as 
heavy metals, than older individuals (Rand and Petrocelli, 1985). 
There could be several reasons why these animals become more tolerant as 
they age. "Tolerance in organisms suggests the presence of a mechanism to prevent 
toxic substances from affecting metabolism or damaging sensitive structures within 
cells" (Rand and Petrocelli, 1991) One mechanism of tolerance is skin thickness. 
The epidermal layer of fish is only a few cells thick (Pough et al., 1989). With a 
striking similarity between fish and amphibian larvae, the tadpole epidermis is rather 
thin, to allow for the intake of oxygen, minerals, and water. In X. lacvis, the 
structure of the skin changes throughout the tadpole stage, with the thickness 
increasing as the individual ages. 
A second mechanism is associated with kidney function. An increase in age 
relates to an increase in kidney function. Because it has been observed that human 
kidneys remove some cadmium (Hayes, 1989), it would seem reasonable to assume 
that as the kidneys in X. laevis develop, their ability to eliminate cadmium, and other 
toxic substances, would increase as the individual developed. The third mechanism is 
binding by the protein, metallothionein, which is produced in the liver. Only when 
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all binding sites on the protein are in use, or the rate in protein production is slowed, 
will pathological and lethal effects occur. (Rand and Petrocelli, 1985). 
The LC50 for 5 week old X. laevis tadpoles is within the range seen for other 
aquatic animals. Acute toxicity of cadmium to various species of fish has been found 
to be from 0.0055 to 40 ppm, while chronic toxicity levels range from 0.009-0.050 
ppm (Tingler, 1990). For example, toxicity studies on Fathead minnows (Pimephales 
promelas) at the Virginia Department of Environmental Quality's State Lab produced 
LC50 levels between 0.035 and 0.196 ppm (Virginia Department of Environmental 
Quality, 1991). Other studies, using the mysid shrimp, Mysidopsis bahia, resulted in 
an LC50 of 0.0155 ppm (Nimmo et al., 1977, cited in EPA, 1979). 
Given the finding of 5% of the nation's water supply system as having greater 
than the identified LC50 in this study (Tingler, 1990), it is obvious that cadmium 
presents a real and present hazard to many aquatic animals. This is especially 
significant since the previously noted report shows a concentration of cadmium that is 
30 - 33% greater than the LC50 obtained in this experiment. 
Short-term chronic effects of both lethal and sub-lethal concentrations on early 
development 
The initial I week toxicity study addressed the impact various concentrations 
of cadmium had on recently fertilized eggs. The first week of development is 
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particularly sensitive because it is during this period that undifferentiated cells receive 
their signals to become mature cell types. The younger the individual, the more 
sensitive they will be to changes in the environment (Rand and Petrocelli, 1985). 
Because the chronic effects of cadmium were subtle, I tested a lethal 
concentration to see whether morphological defects would be more pronounced. In 
addition, I tested whether the presence or absence of a jelly coat would enhance or 
reduce the exposure to cadmium. 
These jelly coats, also known as capsules, surround the fertilized egg and 
vitelline membrane. Jelly coats are hygroscopic, which results in the absorption and 
trapping of water from the external solution. These swollen capsules protect the 
embryo from injury, infestation by fungi, and ingestion by predators. The vitelline 
membrane acts as a semipermeable membrane, allowing for the continual transport of 
nutrients, minerals, and other compounds in and out of the embryo (Duellman and 
Trueb, 1986). Because these extraembryonic materials are semipermeable, they may 
"trap" cadmium and therefore increase the local concentration around the embryo. 
Those embryos that develop lacking a jelly coat may benefit from not having a high 
concentration of cadmium surrounding the organism. Massive tail deformities were 
observed in individuals where the jelly coats remained intact. Tadpoles from de-
jellied eggs generally displayed no major deformities. Thus, it would appear that the 
jelly coats do not protect the developing organism from a polluted environment, and 
may even increase damage caused by cadmium, perhaps by increasing the 
concentration of cadmium locally. 
The intestine of both tadpoles and adults consists of two main regions, the 
mucosa (external mucus region) and the submucosa (below the mucosa). These two 
regions are surrounded by circular. as well as longitudinal, muscles, and a thin 
peritoneum coat on the outside (Andrew and Hickman, 1974). The microtome 
sections of the intestinal region generally allow for observations of both the mucosa 
and the submucosa. 
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Upon inspection of the intestinal region, the mucosa of tadpoles present in the 
highest of the 3 sub-lethal concentrations appeared somewhat thick. However, 
statistical analysis of the measured thickness did not show any significant difference. 
Concerning tadpoles exposed to the lethal concentration of cadmium, the lining of the 
mucosa was determined to be significantly greater than that of the control. 
Long-term chronic exposure of tadpoles to sub-lethal concentrations 
This 15 week chronic toxicity experiment details the effects of sub-lethal 
cadmium concentrations on general growth and development. It has been observed in 
previous toxicity tests that all organisms accumulate cadmium, and because of the 
chemical similarity cadmium has to zinc, in some situations, cadmium may displace 
zinc, resulting in metabolic processes being disrupted (EPA, 1979). 
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Since there was a continuous renewal of the solutions, accumulation of 
cadmium should occur in the exposed organism. "Fish accumulate cadmium most 
readily in the liver, kidneys, and intestines, followed by the gills and the remainder of 
the body" (Cearley and Coleman, 1972, Huckabee and Blaylock, 1973, cited in EPA, 
1979). In humans, absorbed cadmium accumulates mainly in the liver and the 
kidneys (Hayes, 1989). However, many organisms possess the ability to keep 
concentrations of trace metals to a minimum, even in polluted environments (Rand 
and Petrocelli, 1985). 
It is believed that X. laevis tadpoles should accumulate some cadmium, but 
that the concentrations within the body of the organism should be lower than the 
external environment. In particular, both the liver and kidneys affect the 
concentration. One of the functions of the liver is to detoxify poisons that enter the 
body (Villee et al., 1985). While this process will not eliminate the intruder, it will 
render it harmless, thus decreasing the toxic effects. 
Concerning the kidney, the main function is the elimination of waste (Villee et 
al., 1985). Because of this, it should be involved in the removal of toxic chemicals 
and poisons. In humans, it has been determined that approximately half of cadmium 
removal relies on the kidneys (Hayes, 1989). As would be expected, increasing the 
chemical beyond the lethal level would require more "work" from the kidney, and at 
some point it will be unable to complete the necessary task. 
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Histological observations were noted about the appearance of the liver, kidney, 
intestines, and the heart, throughout this chronic toxicity test. In addition, the 
thickness of the mucosal lining, along with the spatial arrangement of the intestinal 
loops were measured. All appeared normal at sub-lethal concentrations. Although 
the intestinal mucosa appeared thicker in some sections of treated tadpoles, statistical 
analysis proved otherwise. While it has been observed that heavy metal salts, such as 
CdCl2, have been affiliated with many intestinal changes [in fish], including 
inflammation (Gardner and Yevich, 1970, Gutierrez et al., 1978, Newman and 
MacLean, 1974, cited in Rand and Petrocelli, 1985), this did not appear to be the 
case with Xenopus tadpoles, when using sub-lethal concentrations. Yet, there was 
one main effect observed. The enlargement and random spatial arrangement of the 
kidney from exposed organisms, as compared to that of the control, might indicate 
some effect by cadmium. 
CONCLUSION 
From this research, it would appear that cadmium, like other heavy metals, is 
a toxic chemical, which primarily affects the critical developmental stages (1st week) 
of developing Xenopus laevis tadpoles. The organ primarily affected during chronic 
exposure is the kidney. 
Cadmium concentrations that are toxic to Xenopus tadpoles (0. 1 - 1 ppm) do 
not normally occur in nature. However, the release of industrial and municipal 
wastes into surrounding waters has been found to raise average cadmium levels in 
municipal water supplies to levels that are toxic to Xenopus tadpoles and other aquatic 
organisms. The maximum allowable limit of cadmium, set by the EPA, for acute 
exposure is 0.1 ppm, while the limit for chronic exposure is 0.09 ppm. These levels 
are in general accord with the findings of this report. 
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Table 1. 
Acute Toxicity of Different Concentrations of Cadmium Chloride. 
---
Test No. No. of CdCl2 % Mortality LC50 (Range) 
Animals Concentration 1 day I 3 days 
!-Control 36 0 ppm 33 ND 
I 36 4.0 100 ND < 4.0 ppm 
I 36 5.0 100 ND 
2-Control 42 0 19 23 
2 45 0.04 13 22 
2 46 0.05 9 II > 0.05 
3-Control 45 0 0 2 
3 45 0.16 4 2 
3 46 0.50 20 24 > 0.50 
4-Control 46 0 2 II 
4 47 0.50 2 13 
4 47 0.73 4 17 > 0.73 
5-Control 30 0 3 ND 
5 30 0.50 0 ND Avg. = 0.98 
5 30 1.50 90 ND (0.92- 1.03) 
5 30 2.08 80 ND 
Note: ND = Not Determined 
---·- -~·--
Table 2. 
Observations of Tadpoles Exposed to 0.15 ppm Cadmium Chloride 
--- --·- --~~ 
Developing Tadpoles I Observations 
Eggs with jelly coat Massive tail deformities, general abnormal appearance, 
approximately 3 mm in length 
Eggs without jelly coat Similar appearance to control, length of 6 mm 
One individual exhibited epidermal blisters over entire 
body, along with unusual fin structure at tip of tail 
N 
0\ 
Group 
I 
2 
3 
4 
5 
Table 3. 
Statistical Analysis of Measured Intestinal Thickness 
Xenopus laevis 
Age One Week 
SUMMARY STATISTICS 
Identification I Measurements I Minimum l 
Control 15 6.90 
0.019 ppm 15 9.75 
0.038 15 6.90 
0.075 15 10.34 
0.15 15 23.00 
DUNNETTS TEST 
Group I Mean l T Stat 1 
I 22.82 0 
2 18.84 -0.712 
3 19.62 -0.571 
4 26.05 0.575 
5 49.72 4.798 
STEELS MANY - ONE RANK TEST 
Group I Mean 1 Rank Sum 1 
I 22.82 
2 18.84 247.00 
3 19.62 249.50 
4 26.05 201.00 
5 49.72 151.00 
Maximum 
51.84 
31.24 
46.39 
48.76 
100.24 
Significant 
* 
Significant 
* 
Mean 
22.82 
18.84 
19.62 
26.05 
49.72 
Note: 
Dunnett Tahle 
Value = 2.21 
N 
-.....) 
Trait/Characteristic I 
I I . I T 
· ntestma cm mg 
Average intestinal 
thickness 
Structure of 
mesonephros 
Intestinal area 
appears larger than 
control 
Appearance of heart 
Appearance of liver 
'---- -- -- -----
Table 4. 
Summary of Histological Observations of Tadpoles 
Chronically Exposed to Cadmium Chloride 
Control I 0.075 ppm I 0.038 ppm 
tight with little space somewhat tightly some spaces present, 
between sections coiled but not unusual 
22.99 urn 26.48 urn 25.40 urn 
compacted with oval large and thick walled appears large and 
and circular regions regions swollen 
- yes, with an increase some difference 
in age 
normal normal normal 
normal normal normal 
I 0.019 ppm 
tight coiling, similar 
to control 
24.56 urn 
tightly clumped, with 
little space between 
not much difference 
normal 
normal 
N 
00 
29 
Figure 1. Frontal sections of I week old tadpoles ( 10 urn). 
A. Control tadpole. Gills (a), heart (b), intestinal loops (c), liver (d), 
and stomach (e). The liver and stomach appear to have some 
connection. The distribution of the intestinal loops appears rather 
compact. X 10. Bar = 200 urn. 
B. Tadpole exposed to 0.075 ppm CdCI2 • Gills, intestinal loops, liver, 
stomach, and brain (f). As with the control, the liver and stomach are 
found in close proximity of each other. The compact intestinal sections 
are located opposite the liver and stomach. X 10. Bar = 200 urn. 
C. Tadpole exposed to 0.038 ppm. Intestinal coiling docs not appear 
extremely compact. Presence of food (g) observed within intestine. 
X 25. Bar = 200 urn. 
D. Tadpole exposed to 0.15 ppm. Heart, intestinal loops, liver, and 
brain. While the intestinal loops are compact, the thickness of the 
mucosal layer is greater than the control. X 10. Bar = 200 urn. 
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Figure 2. Effects of exposure to 0.15 ppm CdC12• 
A. Control tadpole. Large eye (h), cement gland (j), abdomen (k), 
and ventral tail fin (m). The dorsal fin (n) extends from just behind the 
head to the tip of the tail. X 2.8. Bar = 2 mm. 
B. Tadpole from egg with jelly coat. A portion of the dorsal fin (n) is 
present, however, the tail of this individual is absent. A small 
deformity (o) extends back where the tail should be. In addition, the 
larger abdomen extends over a greater portion than the control. 
X. 2.8. Bar = 2 mm. 
C. Tadpole from de-jellied egg. Epidermal blisters (p) are visible. In 
addition, the tail fin (m) is bent down, and the tail tip is deformed (q). 
X 2.8. Bar = 2 mm. 
2·A .B 
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Figure 3. Mesonephros of 8 week old tadpoles. 
A. Control tadpole. Oval and circular structures make up the 
mesonephros tubules (s). These structures are extremely compact, with 
little to no space between tubules. X 25. Bar = 200 urn. 
B. Tadpole exposed to 0.075 ppm CdCI2 • Size of mesonephros 
appears much larger. Not as compact, with much space between 
tubules. X 25. Bar = 200 urn. 
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APPENDIX 1. LC50 Results from PROBIT and TSK programs 
EPA PROBIT ANALYSIS PROGRAM USED FOR CALCULATING EC VALUES 
Estimated EC Values and Confidence Limits 
Point 
EC 1.00 
EC 5.00 
EC 10.00 
EC 15.00 
EC 50.00 
EC 85.00 
EC 90.00 
EC 95.00 
EC 99.00 
Cone. 
0.2845 
0.4145 
0.5067 
0.5802 
1.0284 
1.8229 
2.0873 
2.5511 
3. 7168 
95% Confidence Limits 
TRIMMED SPEARMAN-KARBER METHOD 
Spearman-Karber Estimates LC50 : 0.92 
95% LOWER CONFIDENCE: 0.82 
95% UPPER CONFIDENCE: 1.03 
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